Natural disasters, such as the 2004 East Asian Tsunami, attract a high level of donations.
Introduction
On 26 th December 2004 a massive earthquake occurred in the Indian Ocean near the west coast of Sumatra. It sent killer waves radiating from its epicentre causing an estimated 250,000 deaths and affecting an estimated 5 million people across 14 countries. There was an unprecedented public response in the aftermath of the tsunami, not only in the amount of money raised (£10 billion globally), but also in the speed with which money was pledged or donated. In the UK, an emergency appeal was launched on 29 December 2004 and set a new world record for the amount donated online in a 24-hour period. £392million was donated to the official disaster appeal in the UK -nearly three times the amount raised by any other emergency appeal in the same period of time, before or after. In this paper, we study donor responses to this type of emergency situation caused by natural disasters. We shed light on what determines the magnitude of responses to disaster appeals -focusing on the scale of the disaster and the role of disaster appeals.
Previous literature has used two measures of the scale of the disaster -the number of people reported killed and the number of people reported affected. The latter includes the number with physical needs, such as accommodation, as well as the number injured (Stromberg, 2007; Eisensee and Stromberg, 2007; Evanglidis and Van den Bergh, 2013) .
Looking to the findings from previous studies, there are seemingly inconsistent results on the relative importance of these two dimensions in driving aid responses to disasters. Stromberg (2007) found that both measures-the number of people killed and the number of people affected-were correlated with whether governmental aid was given in response to a disaster.
In contrast, Evangelidis and Van den Bergh (2013) found that only the number killed mattered, not the number affected, for private voluntary (non-governmental) aid, both for whether aid was given and also for the amount of aid. Evangelidis and Van den Bergh (2013) argue that the number affected better captures the extent of need that donors should be responding to.
In this paper, we investigate further the relationship between the scale of the disastermeasured by the two indicators -and the aid response. We show that the results are sensitive to the functional form specification and we argue in favour of including the number killed and the number affected in logs rather than levels. One reason why the regression results are sensitive to specification is because there are a number of very large scale disasters, including the East Asia Tsunami, which are associated with a high level of impact in terms of the number of people killed and/or the number of people affected and also associated with a big donor response. We show that it is important that estimation take proper account of such "big disasters". With a specification that includes donations and disaster scale in logs, we are able to reconcile the findings from the earlier studies, both with each other -and also with results from a new source of data on the responses to emergency appeals launched by the UK Disaster Emergency Committee (DEC). ii The consistent findings are that both the number killed and the number affected matter equally for whether aid is given. The number killed has a stronger effect than the number affected on the amount given -and a few of the deadliest disasters have a particularly powerful effect.
We then discuss one factor that may explain the people affected-donation association being smaller, relative to the people killed-donation association: error in measuring the number of people killed. It may be that the number or people killed gives donors a clearer sense of the devastating impact of the disaster that is more directly comparable across disasters.
A second factor is media coverage. Media coverage played an important part in the big response to the East Asia tsunami. Dramatic pictures of devastation were broadcast around the world at Christmas, a time that people typically watch a lot of television and also when there may be few competing news stories. iii Of course, large disasters are more likely to be covered in the media, so to pin down the effect of media coverage, Eisensee and Stromberg (2007) use an instrumental variable approach, exploiting competing news events to instrument coverage of disasters, to show that television coverage has a causal effect on whether aid is provided in the case of natural disasters. Brown and Minty (2008) find a similar effect. The exact mechanism is not clear, but media coverage is likely to provide information on the scale of the need, make the need salient, create identifiable victims by showing images of real people who are suffering (Loewenstein & Small, 2007) and reduce the social distance between donor and potential recipients (Fong and Luttmer, 2007) .
Focusing on the DEC appeals, we present new evidence on the importance of public appeals in driving donations. We present stylized facts on donor responses to disaster appeals, exploiting a uniquely detailed dataset that allows us to track donations day-by-day around the time that the appeal is launched. We present striking evidence that appeals have an immediate and powerful effect on donations to DEC and its member charities. Moreover, we pin down the timing of the response to show that it is linked to the date of the appeal, rather than to the date of the disaster itself.
The plan of the paper is as follows. In the next section we discuss data sources that have been used in this literature to estimate the relationship between scale and donation response. In section 3 we revisit existing studies and look at whether we are able to reconcile findings, paying close attention to functional form specifications. Section 4 presents new evidence on the dynamics of donor responses to disaster appeals. Section 5 concludes.
Data and estimation issues
A key source of data in this literature is the Centre for Research on the Epidemiology of Disasters (CRED) which provides comprehensive coverage of disasters via their Emergency Disaster Database (EM-DAT). This dataset records a "disaster" if ten or more people are reported killed or 100 or more people are reported affected, or if a disaster is declared.
CRED reports the number of deaths following each disaster, defined as both the number reported dead and the number reported missing presumed dead. These numbers are based on official measures where available. CRED also reports the number of people who are affected by each disaster, defined as the number of people requiring immediate assistance during a period of emergency, i.e. requiring basic survival needs such as food, water, shelter, sanitation and immediate medical assistance. For many disasters both the number of people killed and number of people affected are estimated -in the immediate aftermath of major disasters it may not be possible to collect precise information on the number killed/ affected. Table 1 presents summary information from CRED on the number reported killed and the number reported affected for all natural disasters over the period 1968 -2015. As might be expected, the number of people reported killed is typically smaller than the number of people reported affected -only in three per cent of disasters is the relationship the other way round. Perhaps surprisingly, the number killed and the number affected are not strongly correlated (ρ = 0.037). This means that it should be possible to identify the separate effects of the two measures of scale on the donation resonse. The strength of the relationship between the two measures of scale does vary considerably across types of disasters, however. The correlation is stronger for landslides, earthquakes and floods and weaker for extreme temperature and wildfire. This makes it important to control for disaster type when looking at the relationship between different measures of disaster scale and the aid response. Table 1 draws attention to another feature of the scale of disasters -that some disasters stand apart from the others in terms of the numbers of people killed and affected. The mean number killed across all reported natural disasters is around 500, but the worst disasters are associated with the deaths of hundreds of thousands of people. Similarly, the mean number affected is just under one million, but the worst disasters affect more than three hundred times that number. The presence of such outliers is likely to make estimation of the effect of scale of the disasters sensitive to functional form specification. Appendix A lists the worst twenty disasters over this period, defined by the number of people killed and, separately by the number of people affected. The profiles of the type and location of the very worst disasters are different depending on the measure used. Strikingly, there is no overlap in the two lists of the worst twenty disasters.
There are also outliers looking at the amounts of aid given -some disasters attract many times more aid than others (see, for example, the set of DEC disaster appeals summarized in Appendix B). This is a potential issue when it comes to looking at the magnitude of the aid response. Stromberg (2007) and Eisensee and Stromberg (2007) A number of implications follow for any empirical analysis that attempts to relate the scale of disasters to aid given. First, estimating the effect of the number killed and of the number affected is going to be affected by a few very big disasters (and these very big disasters will differ according to the two measures of scale). Second, the disasters associated with the most aid will influence estimates regardless of specification. In the next section we show that, indeed, regression results are sensitive to functional form specification and, in the case of amount of aid, to specific high-aid disaster appeals.
Reconciling estimates on aid responses Whether aid is given
The studies by Stromberg (2007) and Evangelidis and Van den Bergh (2013) examine the relationship between the scale of the disaster and whether or not aid is given. The main regression results from Stromberg (2007) are repeated in Table 2 ; they show that that whether or not aid is given is correlated with both the number killed and the number affected. These numbers are expressed on a log 10 scale. In the OLS specification in column 1, a change in the number killed has a stronger effect on aid than a change in the number affected. This specification includes a control for news coverage. In the IV specification, where news coverage is instrumented with the presence of competing news, the relationship is reversed and the effect of number killed becomes insignificant. The results indicate that part of the observed effect of the number killed is likely due to the fact that deaths drive news coverage. Evangelidis and Van den Bergh (2013) include the number killed and the number affected in levels in their regression specification. Column 1, Table 3 replicates their approach: iv Whether or not aid is given is regressed on the number killed, the number affected (in units of 100,000s) and an indicator for whether an appeal was launched. The regression also controls for location and type of disaster. In this level-specification, the number of people killed is associated with the probability that there are private voluntary donations in response to the disaster, but the number of people affected is not. On the face of it, these results appear at odds with Stromberg's findings. However, when the same relationship is estimated using a log specification (column 2), both the numbers of people killed and affected are associated with the probability of donations, a qualitatively similar set of findings to those of Stromberg (2007) .
There are a number of reasons for preferring a log specification. Theoretically, the difference in aid in response to 1,000 additional people killed between one disaster and another, both of whose scale of people killed is in the hundreds, would be expected to be larger a priori than would be the difference in aid in response to 1,000 additional people killed between one disaster and another, both of whose scale of people killed is in the hundreds of thousands. Empirically, formal tests indicate that including measures of the scale of disaster in logs provides a better description of the data. The R 2 in the log specification is much higher, .275 compared to .206, indicating that the log specification is a much better description of the whether-aid-is-given-scale relationship. This is confirmed by the J-test: although the level model does provide some evidence against the log model (p = .061), the log model provides much stronger evidence against the level model (p = .0004 x 10 −6 ).
How much aid is given
Next we focus on the relationship between the scale of the disaster and how much aid is given. As previously discussed, there are outlying observations both in the distribution of the amount of aid, as well as in the numbers killed/affected; ideally the regression specification will be robust to these outliers. Table 4 uses the Evangelidis-Van den Bergh data to explore the effect of different specifications: The top and bottom panels contain level and log specifications respectively. Across the columns we drop potentially influential observations to investigate how this affects both the estimated coefficients and the specification tests. The estimation is OLS on the sub-sample of 124 disasters where aid was given. The specification tests are comparisons of R 2 s. For the log model, the "R 2 " is the squared-correlation coefficient between the predicted amount donated in levels and the actual amount donated.
The first column drops no observations. The level specification in the top panel produces estimates similar to those presented by Evangelidis and Van den Bergh (2013) . For every person killed donations are $9,254 higher; for every person affected donations are four dollars lower (n.s.). The R 2 is .635. In the log specification in the bottom panel, aid is also more responsive to the number killed than to the number affected, but the association with the number of people affected is in the expected positive direction and the gap is smaller: A 10 percent increase in the number of people killed is associated with a 4.71 percent increase in donations, a 10 percent increase in the number of people affected is associated with a smaller 1.23 percent increase in donations (p = .148).
Comparing the R 2 s would at first suggest that the level specification is preferred.
However, the estimates from the level specification change considerably upon dropping the 2004 East Asian tsunami (the biggest disaster in terms of amount of aid). The people killeddonation association drops by more than half and the appeal-donation association becomes counterintuitively negative. The people affected-donation association remains essentially zero. Also note the large decrease in the standard errors. The estimates from the log specification also change, but by much less. And the standard errors are stable. The R 2 -log is now larger than the R 2 -level (.817 compared to .637).
The level results continue to change (both the estimated coefficients and the R 2 ) upon dropping other high-aid disasters, including the 2010 Haitian earthquake in column 3.
Changes in the log specification are much more modest. Overall, the greater insensitivity of the log specification to the influential observations, its sensible positive (borderline significant) estimate for the people affected-donation association, its sensible positive significant appeal-donation association, and its larger R 2 suggests it is the better of the two specifications. To be sure, in the log specification the people killed-donation association remains larger than the people affected-donation association and the difference is significant (see the penultimate row in the Table 12.4). That said, the people affected-donation association is not irrelevant.
These results highlight that high-aid disasters are influential in the estimation. Even in the log specification, the estimate falls by about one-third (.471 to .338) upon dropping four influential observations. This motivates re-estimation of the log specification, using a spline for both the number of people killed and the number of people affected. For the spline in the number of people killed the knot is placed at the point of separation between the eight stand out disasters in the Evangelidis-Van den Bergh sample and the remaining 116. The knot for the spline in the number of people affected is placed to separate out the nine stand out disasters; it turns out that only five of these received donations to help the victims. v Table 5 presents the estimates for the spline specification. Column 1 reproduces Table   4 For further evidence on the donation response to disasters, we look to confirm the main patterns from the Evangelidis-Van den Bergh data using a dataset on responses to the DEC appeals. This is narrower in scope than the Evangelidis-Van den Bergh data because the DEC data only record disasters for which there was an appeal. There were 33 DEC appeals for natural disasters over the period from 1968 -2015 for which we also have data on the numbers of people killed and affected. Results for this sub-sample DEC sample are reported in Table 6 .
For comparison, we repeat the results from Table 4 (Column 1, panel b) for the Evangelidis-Van den Bergh data. In column 2 we also report results for a sub-group of 37 disasters in the Evangelidis-Van den Bergh for which an appeal was launched -this is more directly comparable with the DEC appeal data (although these disasters occurred 2003 -2011) . Note that the magnitude of the coefficients increases in the sub-sample compared to the full sample, consistent with a stronger response to larger disasters/ appeals. Column (3) reports results for the DEC data that confirm previous findings that the number killed has a stronger effect on the amount of aid than the number affected. The magnitude of the coefficients is smaller than the Evangelidis-Van den Bergh data. Columns (4) and (5) Summing up our analysis of the response to disasters, several key insights emerge: First, the presence of outliers makes estimation of the effect of disaster scale on aid sensitive to regression specification. Second, log-specifications are more stable than levelspecifications and are generally preferred on the basis of theoretical considerations and formal specification tests. vi Third, whether any aid is given depends both on the number of people killed and on the number of people affected -and both measures of the scale of a disaster have a similar relationship. Finally, how much aid is given is more strongly affected by the number killed than the number affected. The number of deaths has a particularly strong effect among a small number of very deadly disasters. Bergh (2013) argue that the stronger effect of the number killed (compared to the number affected) is an indication that aid is mis-directed since, in their view, the number affected provides a stronger indication of the level of need following a disaster than the number killed. A plausible alternative explanation for the smaller association with the number affected may be that this number is harder to measure accurately (compared to the number killed), and that consequently the regression estimate on the number of people affected is attenuated by measurement error. CRED reports that there may be uncertainty about what the number affected even captures: "The indicator affected is often reported and is widely used by different actors to convey the extent, impact, or severity of a disaster in nonspatial terms. The ambiguity in the definitions and the different criteria and methods of estimation produce vastly different numbers, which are rarely comparable." In the aftermath of a major disaster it may be hard to collect comprehensive information on the number killed, let along all the people who may be affected. Guha-Sapir and Below (2002) compared measurements of the numbers of people killed and affected from three studies and found that the studies agreed much more closely in their measurements of the number of people killed than in the number of people affected. This means that it may be harder to identify the underlying relationship with the number affected than with the number killed.
Evangelidis and Van den
To the extent that the number killed does have a stronger effect on donations than the number affected, one contributory factor is likely to be media coverage. As shown by the results from Eisensee and Stromberg (2007) the number of deaths appears to be more strongly related to media coverage than the number affected and media coverage has a causal effect on the aid response. In the next section, we present new evidence confirming that public appeals play a crucial role in driving donations.
The importance of publicity
We provide detailed insight into the week-by-week response of donations to public appeals, focusing on DEC appeals. The decision by DEC to launch an appeal triggers a set of actions by the Rapid Response Network. Specifically, national banks and the Post Office network are set up to receive donations; appeal videos, often featuring well-known celebrities, are broadcast via national news networks. Although the disasters will have been in the news, the appeals give the disasters -and the need for funds -additional nationwide visibility. We show that these appeals are important in driving donations.
We track donations before and after the launch of a DEC appeal on a high frequency basis. We do this by exploiting anonymized data on donations made through charity accounts administered the Charities' Aid Foundation (CAF). vii Important for our analysis, we observe the exact date of donations -as well as the recipient charity -for a panel of more than 100,000 donors. Over the period 2009-2015, six disaster appeals were launched by DEC. viii We report average responses to these six appeals; further analysis confirms that responses are similar across the six appeals. Tracking donations on a high frequency basis allows us to study dynamics in the response to appeals. We also show that the appeal is crucial in triggering a response among donors: specifically, the timing of the response is linked to the date of the appeal, not the date of the disaster itself. The coefficients capture differences in daily donations to DEC (+ the thirteen member charities) during the weeks before/ after the appeal, compared to baseline, i.e. outside the disaster periods. ix We track donations through to week 19 (i.e. twenty-weeks after the appeal) which allows sufficient time for the response to the appeal to play out.
The pattern of coefficients and standard errors indicates that there are distinct phases in the response to appeals.
• Phase 1 (weeks 0-4) is the aftermath period during which there is an immediate and strong response to the appeal. In the seven days following a disaster appeal, average daily donations to the DEC-13 are more than seven times (e 2.09 -1 = 7.08) higher than average daily donations to the DEC-13 during non-disaster period (i.e, outside the 22 week window surrounding each of the six disaster appeals) and around four times higher during the following three weeks (e 1.49 -1 = 3.44; e 1.66 -1 = 4.26). x
• Phase 2 (weeks 5-9) is an adjustment period: donations to DEC-13 are still above their usual level, but lower than during the immediate aftermath and beginning to return to their baseline level.
• Phase 3 (weeks 10-14) is a settling period: donations to DEC-13 are very close to baseline with no clear direction of movement.
• Phase 4 (weeks 15-19) marks a complete return to baseline: the effect of the disaster appeal appears to have played out.
The results indicate that the response is initially strong but plays out fairly quickly, with donations returning to their baseline level after a period of around two months. xi This indicates that high-frequency data are important for looking at donation responses to this type of appeal. xii There is no evidence that the appeal causes time-shifting in donations to DEC-13 -i.e. that the increase in donations in the aftermath of an appeal is offset by any reduction in donations to the same charities at a later point in time, either during the twenty-week period or subsequently. Instead, the appeal is associated with a significant increase in donations to compared to baseline. xiii This analysis of the effect of the DEC appeals focuses on the date of the appeal, rather than the date of the disaster. This is consistent with the actual pattern of responses. We test this by looking for an effect of the date of the disaster, rather than the date of the appeal. Four of the DEC appeals during the sample period were associated with a natural disaster that occurred on a specific date. Since there is typically a lag between the date of the disaster and the date of the appeal (between three and six days), this allows us to test whether contributions respond to the disaster or to the appeal by repeating the analysis, but including an additional indicator variable for days after the date of the disaster, before the appeal is launched. The coefficient on this indicator variable is relatively small and insignificant: 0.165 (0.345). This contrasts with the very strong positive response to the appeal during the first seven days. Therefore, we can dismiss that donations build up gradually after the disaster, because the response is immediate and large after the appeal, but not before. This provides striking evidence on the effect of public appeals in driving contributions.
Discussion and conclusions
Natural disasters often trigger strong donation responses. We show that the magnitude of the response is linked to the scale of the disaster, particularly as measured by the number killed.
Our interpretation of this finding is that the number killed provides a more reliable -and directly comparable -measure of the severity of the disaster. Analysing high-frequency data on donations, we show that the appeals are important in triggering a donation response. The response to appeals is strong and immediate, but relatively short-lived and tends to have played out after two-three months. The evidence also suggests that appeals generate new funding for international aid, with no time-shifting in donations to DEC-13. iii Viewing data for 2015 and 2016 show roughly 15% more hours viewed in the days between Christmas and New Year compared to the rest of December/ January (and higher levels of viewing in these months compared to the rest of the year) http://www.barb.co.uk/viewing-data/weekly-viewing-summary/ iv Evangelidis and Van den Bergh adopt a Heckman two-step procedure and use a logit model for the first stage. We use a linear probability model for ease of interpretation but the results are similar. v In general, there is a high degree of overlap between the biggest disasters in the Evangelidis-Van den Bergh data and those that are reported in Appendix A, although it is not perfect. In some cases, disasters reported separately in EMDAT have been combined (eg Earthquake + Tsuanmi that occurred in Japan). vi Another example: Wiepking and van Leeuwen (2013) report evidence from Dutch data that the bivariate correlation between the number of people killed in and the amount donated-both in levels-is zero, but using the same data there is a strong correlation in the logarithms (Wiepking, personal communication) . vii Scharf, Smith and Ottoni-Wilhelm (2017) provide more information on the data. CAF is a charity that provides financial services to the sector. Its charity accounts are, in effect, checking accounts for making contributions to charities. Donors set up an account with a minimum £100 one-off payment or £10 monthly direct debit, and use the funds to make contributions to any charity in a variety of ways. The rationale for such accounts is that they facilitate tax-effective giving. ix Further tests reported in Scharf, Smith and Ottoni-Wilhelm (2017) confirm that this twenty-week period is sufficient to capture the dynamics associated with the appeals. There is no evidence of significant differences in donation (relative to baseline) after this time. Further tests reject the presence of first-order serial correlation in the residuals from this specification.
x The thirteen member charities include the largest overseas aid charities in the UK. These attract a sizeable level of donations even during baseline periods. xi This is consistent with Eckel et al (2007) who also report a diminishing of interest over time in the case of Katrina. xii Previous studies (eg Brown et al) based on data from the Panel Study of Income Dynamics have only been able to look at donations on a low-frequency biennial -basis. xiii An assumption in our analysis is that the baseline level of donations is not affected by the appeals. Scharf, Smith and Ottoni-Wilhelm (2017) show that, after each disaster appeal, donations return to the same baseline level. This supports the approach of modelling the effect of disaster appeals relative to a baseline appeal of giving.
